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1 
ThiS invention relates te gas turbines such as 
are employed for aircraft propulsion and like 
purposes, and comprising :for example a peripher- 
ally bladed rotor secured upon a shaft which 
drives a compresser feeding air te one or more 
combustion chambers furnishing 'hot gases te 
drive the peripheral blades of the rotor. 
The main object of the present invention is te 
provide an improved gas turbine se arranged and 
constructed that its rotor affords passage for cold 
air flowing te the compresser intake whereby 
the rotor is effectively cooled, "together with its 
blades, shaft and bearings. 
A secondary object of the invention is te pro- 
vide an improved gas turbine having a rotor 
fltted with external blades driven by-hot gases 
and internalvanes forcing cold air axia]ly te a 
compresser feeding a combustion chamber which 
furnishes the hot gases, said blades and vanes 
being in thermally conductive relation te trans- 
mit heat frein said blades te said vanes for dis- 
sipation in the cold air passing .between said 
A further object of the invention is -te .provide 
an improved gas turbine having an apertured 
rotor which constitutes a primary element of an 
auxfliary compresser foroing .the air admitted 
tlurough the rotor apertures te the intake of the 
main compresser driven by the turbine shaft. 
Another object of the inventien is te provide 
an lrnproved gas turbine having an apertlred 
rotor 'and an .air compresser mounted toWards 
opposlte ends of a-driving shaf$, it-h a tubular 
casing around the shaft, the air admitted thr0ugh 
the rotor apertures flowing along the inerior of 
the casing te the intake of the.compressor. 
A still ïurther object of the invention is te 
provide an improved gas turbine having an aper- 
tured and external]y bladed rotor .and a main 
compresser mounted towards opposite .ends of a 
driving shaft, with a tubular casing around the 
shaft,-an axial«type compresser inside the casing, 
and an annular series of oembustien clambers 
spaced around the casing, tte air admitted 
through the rotor apertures being forced along 
the interior o the casing through the axial-type 
compresser te the intale of the main compresser 
which delivers compressed air te the combustion 
chambers, and the latter furnishing hot gases te 
drive the external b]ades of the rotor, 
A specific object of the invention is te provide 
an lrnproved gas turbine for jet-propelled air- 
craft, with or without an airscrew driven by the 
turbine shaft, in which an apertured turbine rotor 
and ifs air compresser are mounted towards op- 
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posite ends of the turbine shaft, with an. annular 
series of combustion chambers spaced around the 
shaft, the air admitted through the rotor aper- 
tures flowing te the intake of the compresser 
5 which delivers compressed air .te .the combustion 
chambers, the latter furnishing hot gases te drive 
eXternal blades upon the turbine rotor, and the 
gases exhausted frein the turbinebeing cotlected 
te ferre a propulsive jet. 
l0 Other obects and advantages of the invention 
wfll hereinafter appear frora the following de- 
scription, given with reference te the accompany- 
ing drawings, in which: 
Fig. 1 is a half sectional elevation of the 
15 turbine; 
Fig. 2 isa Partial development of the rotor on 
a larger scale, showing six of the turbine blades; 
Fig. 3 is a partial end-view Of the rotor, show- 
ing six of the external turbine blades as well as 
20 the corresponding internal vanes forming the 
primary element of an axial-type compresser; 
Fig. 4 is a detafl on a larger scale, showing 
modifled ferre of platform; 
Fig. 5 is a partial end-view of the rotor hub 
25 mounted upon the turbine shaft, showing the 
method of assembling the roots of the compresser 
vanes; 
Fig. 6 is a halï-section of the rotor hub, seen 
atright angles to Fig. 5 takn at the center line; 
3o Figs. 7 and 8 are partsectiona views, showing 
an exhaust manifold for feeding a propulsive, jet for aircraït; 
Fig. 9 is a hall sectional elevation of a modified 
turbine arranged to drive an airscrew for aircraft 
35 propulsion and lso fo deliver a jet for the same 
purpose; and 
Fig. 10 is a hall sectional elevation of another 
modification of turbine arranged for pure jet pro- 
pulsion of an aircraft. 
40 In the construction fllustrated in Fig. 1, the tur- 
bine shaft 0, driven by a rotor  | at the forward 
end, drives an air compressor 2 mounted 6o- 
wards the other end of the shaït; this compressor 
feeds a number of combustion chambers   spaced 
45 around the shaft, each chamber being provided 
with fuel-injection means Ia and delivering the 
hot gases of combustion through guide vanes 
to the external blades 5 of the turbine rotor. 
The central portion of the rotor  is aper- 
0 tured by providing it with spokes or webs which 
are shaped as helicoidal vanes  (see ,ligs. 2, 3, 
5 and 6) to constitute a primary element of an 
axial-type compressor; the cold ar may be 
mitted directly to the turbine rotor  
$$ inlet, opening in the direction Of forwad flight. 
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A shaft bearing, which is preferably oï the self- 
aligning thrust-resisting type, is carried by radial 
arms or webs 8 inside the turbine stator, these 
arms being preferably formed as guide vanes to 
co-operate with the helicoidal -canes |8 of the 
rotor; in order to protect the rotor against tlue 
entrance of flying bodies, a wire net |ga may be 
supported by brackes or arms |9 connected at 
their outer ends to the exhaust manifold and ai 
the inner end fo a hub enclosing a bearing |7 for 
the turbine shaft. 
e air compressor |2 may be of any suitable 
type, ïor example centrifugal; if is preceded by 
an axial-type compressor with multiple rotors 
and stators 2| inside an induction tube or shaït 
casing 22, fo which the cold air is fed by the pri- 
mary element consisting of the infernal rotor 
vanes |8 already mentioned. The tube or casing 
|2, of diameter substntially equal atone end to 
that of the central portion of the rotor and at the 
other end to that of the compressor |2, surrounds 
the axial-type compressor 20, 2| upon the shaït 
0 connecting the turbine rotor to the air com- 
pressor ai the rear, this tube or casing being 
preferably ruade of or lined with thermally 
sulating maerial, as indicated at 24, fo preven 
undue heating of the incoming air by the com- 
bustion chambers  ouside the tube or casing. 
e centrifugal compressor | 2 may be provided 
with two non-symmetrical working ïaces, the 
ïront one operating as main compressor in tan- 
dem with the axial compressor which delivers fo 
if, and the rear face 25 operating in parallel as a 
separate source of compressed air, taking in air 
through suitable openings 28 ai the rear end oï 
the compressor casing; air may also be drawn 
thïough holes 27 in the shaft |0, adjacent to this 
rea face 25, the shaft being ruade hollow to ad- 
mit air ai one or both ends. The separately act- 
ing rear compressor 25 will of course be suitably 
dimensioned to give the desired capacity; the two 
deliveries of compressed air from the front and 
rear faces may be merged together ai the periph- 
ery of the double-faced compressor |2, 25 belote 
admission to the combustion chambers |3. As 
illustrated in Fig. 1, the compressor ]2, 2 de- 
livers into a maniîold 28 having separate 
branches 28a leading to the respective con» 
bustion chambers, suitable baffles or deflectors 
being provided inside the manifold fo guide the 
compressed air into the breech ends of the 
chambers. 
The one or more compressors may feed an an.- 
nular combustion chamber, instead of the several 
separate combustion chambers |3 generally util- 
ized, the chamber or chambers in the respective 
cases furnishing hot gases to drive the turbine 
rotor | ] at the forward end of the shaft 
The rear bearing @ of the turbine shaft may be 
mounted in a plate 3| supported by brackets 
from the body or casing of the compressor |2, 
beyond which the shaft ex,ends to operate aux- 
iliaÆy equipment (hot shown) such as mechanism 
for feeding the fuel to the combustion chamber 
or chambers, or any other devices that may be 
desired for the operation of an airciaft or for 
other purposes. 
Since the primary compressor vanes |8 are ef- 
fectively cooled by the incoming air, the central 
portion of the rotor | is maintained cold and 
therefore able to abstract heat from the turbine 
blades 5 exposed to the hot gases; in order to 
intensify the heat transmission from the hot 
turbin blades  5 to the cold vanes  8, their junc- 
tions are preferably in metallic continuity, for 

example, they may be formed by segmental plates 
or platforms  integral with the blades and 
vanes. These platforms are assembled to con- 
stitute a complete annulus, of which a portion is 
5 shown in Figs. 2 and 3, the opposite edges of the 
platforms being eflgaged by clamping rings $4 of 
channel or V-section, held together by bolts 6 
threaded into screwed nipples 8 of simflar design 
to those employed on cycle wheel spokes. As 
]o seen in Fig. 1, the annulus formed by the as- 
sembled plates or platforms , with the clamping 
rings 4, flts into grooves 47 on the adjacent edges 
of the stator walls; further, on the side directed 
towards the exhaust, a rhin lip 4 projects from 
15 the roots of the turbine blades |5 so as to over- 
lap the grooved edge of the stator wall on this 
side. Due to the high velocity of the gases acting 
upon the turbine blades, leakage of the gases into 
the interior of the rotor, which would pollute 
o_0 and heat up the incoming air, is prevented by 
the ïrictionless glands provided by these means. 
Each of the segmental plates or platforms  
may be ruade integral witlx one turbine blade |5 
and the corresponding varie | , in ortier to secure 
25 the greatest possible conduction of heat between 
those parts; due to the contrary curvature of the 
blade and varie, as seen in Fig. 2, it may be neces- 
sary to give the platforms a rhomboid or non- 
rectangular shape, as shown in that figure. 
30 Fig. 4 illustrates a modified form of platform  
marie integral with the respective turbine blade 
|5 and rotor varie |8, in which the oblique sides 
of the rhomboidal platform are castellated or 
provided with alternate projections and notches 
35 to interengage with the sides of the adjacent plat- 
iorms; the ends of the platform may be marie 
»vith square corners, as shown, and notched for 
lightness. 
The inner ends or roots of the rotor spokes or 
40 vanes are mounted upon the shaft ${} by forming 
these roots 7 to a wedge-shape, as shown in Fig. 
5, the angle between the opposite faces of each 
wedge being equal to the angular spacing of the 
vanes; for example, with seventy-two vanes, the 
45 included angle of each wedge will be rive degrees. 
The wedges are arranged to engage ai their inner 
ends with splines $ upon the exterior of the 
shaft; as shown in Fig. 5, the splines are each of 
an angular extent of rive degrees, the inner ends 
50 of alternate wedges resting upon the outer faces 
of the splines and those of the intermediate ones 
being marie slightly longer in the radial direction 
so as to engage in the spaces between the splines, 
thus securing positive transmission of the rotary 
55 motion. The wedge-shaped roots $7 are clamped 
together by means of hub-plates 9; each of these 
plates is provided with circumferential grooves 4{} 
on its inner face, the grooves fitting upon arcuate 
ribs 4| on the opposite faces of the wedges, and 
60 the plates being tightly held in engagement with 
the wedges, for example by pressure exerted along 
the shaft by a nut 42 securing the inner race of 
the bearing |7 (Fig. 1). 
The invention procures a considerable economy 
65 of space and dimensions; the tubular casing 22, 
into the open front end of which the air enters by 
rare effect, with initial compression by the pri- 
mary element constituted by the vanes |8 of the 
 - apertured rotor and further compression by the 
7"0 axial-type compressor 20,, 2| inside the casing 22, 
is ruade convergent towards the main compressor 
|2 at the rear end, this main compressor being of 
relatively small diameter and capacity because of 
:«. the reduction of volume of the air corresponding 
75 to ifs increased pressure due to the initial and 
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secondary compressions. Theinvention also fur- 
nlshes a solution of the problem of cooling the 
turbine rotor (including the blades ! 5 exposed to 
the combustion gases), the driving shaft 10 and 
ifs bearings; it follows that at least the central 
portion of the turbine rotor can be constructed 
of steel or other material chosen solely from the 
point of view of its mechanical quaiities, without 
regard to the questions usually involved by high 
temperature of operation. Where, however, some 
pre-heating of the air is desired, the thermal 
iusuiation of the casing 22 (such as indicated at 
24) may be dispensed with, wholly or in part, in 
order to facilitate the transfer of heat from the 
combustion chamber or chambers !3. 
The gases exhausted from the turbine may be 
collected in a manifold of annular form having 
one or more lateral outlets for discharging the 
gases rearwardly; Figs. 7 and 8 illustrate a mani- 
fold 43 fitted to the stator of the turbine, having 
two semi-annular branches of spiral shape lead- 
ing to two outlets 44 which are united bY a Y- 
pipe fitting 45 to deliver a single jet for the pro- 
pulsion of the aircraft or the like. Alternatively, 
the exhaust gases may be led to suitable reaction 
devices, such devices being utilized îor the pro- 
pulsion of the aircraft or the like, as described in 
my prior U. S. Patent No. 2,224,260, dated Decem- 
ber 10, 1940; an example of such reaction device, 
in which the gases are reversed through substan- 
tially 180 degrees by a defiecting surface, is here- 
after described with reference to Fig. 9. 
The invention may be applied to gas turbines 
in general, apart from their employment for jet- 
propelled aircraft. 
Fig. 9 illustrates the arrangement of a turbine 
differing slightly from that shown in Fig. 1, and 
having the forward end of the turbine shaft 1 I 
fitted with suitable speed-reducing gear I{}1 for 
the driving of an airscrew 1{}2, the air fiowing 
from the screw entering with rare effect into the 
apertured central portion of the rotor III; the 
rotor is provided with internal vanes 11  of heli- 
coidal form, cooperating with stationary guide 
vanes 118 and constituting the primary element 
of an axial-type compressor with multiple rotors 
12{1 and stators 121, inside a tubular casing 122, 
which delivers the compressed air to the intake 
of a main compressor 112 towards the rear end 
of the turbine shaft. This compressor feeds air 
through a manifold 128 into the breech ends of 
the combustion chambers 113 which are spaced 
in an annuiar series around the casing 122; a 
separately acting compressor 125 formed bY the 
rear face of the main compressor delivers a sup- 
ply of air through fuel injectors 1{}3 into the 
breech ends of the combustion chambers, this 
fuel-injection air being drawn partly from the 
interior of the hollow shaft I1{} by way of holes 
12 near its rear end and to a much larger extent 
ïrom the exterior, as hereinafter described, while 
the fuel is supplied by the auxiliary equipment 
1{}4driven by the rear end of the turbine shaft. 
It will be noted that the rear compressor 12 
feeds the combustion chamber burners directly 
with air conveying ïuel from the injectors 183, 
while the main compressor 112 furnishes air 
through the manifold 128 at higher speed, at 
higher pressure and in greater quantity to main- 
tain the fiames in full activity. 
The hot gases discharged from the combustion 
chambers 113 through the stator guide vanes 114 
impinge upon the turbine blades 15 at the pe- 
riphery of the rotor 111 ; these blades are prefer- 
ably arranged ïor multi-stage expansion of the 

6 
gases, intermediate guide vanes ! 4a being pro- 
vided between the stages, and the blades 115, 
! ! Sa of the successive stages being of increasing 
height and external diameter to .allow for the 
5 expansion of the gases, while at the saine rime 
increasing the centrifugal effect. Aïter passing 
the final-stage blades ! 1 Sa, the gases are reversed 
through substantially 180 degrees without shocks 
or eddies, but taking advantage of the outward 
10 diffusion or spread of the gases under centrifugal 
effect, by means of a curved defiecting surface 
1{}5; the latter, which serres as a reaction device 
to assist the propulsion of the aircraft, directs the 
gases rearwards over and between the combustion 
15 chambers ! 13, within the progressively expanding 
annuiar space between an outer cylindrical casing 
1{}5 and a slightly convergent partition I{}] 
through which the combustion chambers ex-tend, 
so that the gases fiow along the gaps between the 
20 said chambers, the rear end of this partition being 
suitably apertured to allow passage of the com- 
pressed air to the injectors ! {}3 and manifold 128. 
The said injectors and manifold are provided with 
external fins I {}8, in addition to internal defiectors 
25 129, the whole of these fittings being preferably 
cast integrally in high-conductivity metal, so that 
a considerable and intensive heating of the com- 
pressed air is effected at this point by the high- 
speed gases returning over and between the com- 
3O bustion chambers 113, outside the partition I{}]. 
Such a heat-exchanger, with its external surfaces 
bathed or swept by very .hot gases travelling at 
high speed, procures a muchmore efficient trans- 
fer of heat through the walls of the injectors and 
35 manifold than would their immersion in a hot 
gaseous medium of low speed or even stagnant. 
From the moment when the hot gases bave 
passed the finned injectors 183 fed by %he rear 
compressor 125, they are directed into a jet de- 
40 vice of the well-known kind, comprising two co- 
axial cones 1{}9, 18a vith a free space between 
them leading to a jet outlet 145 for the rearward 
discharge of the gases at high speed; he outer 
cone 18 forms a continuation of the casing 185, 
45 whfle the inner cone 1}9a forms a .continuation 
of the partition 18], this inner cone or "builet" 
enclosing the auxiliary equipment 184. The inner 
cone is stayed in relation to %he outer cone by 
fiared or stream-line webs 125, suitably heat-in- 
50 suiated, but instead of these webs being solid 
or closed at the ends, they are ruade hollow (as 
seen in section in the case of the uppermost one) 
to connect with openings through the two cones 
so that the external air can pass freely and sub- 
55 stan'ially unheated to the intake of the rear com- 
pressor 12. The openings through the webs 125 
may be ruade of sulïïcient size to allow access to 
the auxiliary equipment for the purpose of in 
spection and maintenance. 
60 As in the case of the finned injectors 1{}3 and 
manifold I.3, the rotor I1| may be cast in- 
tegrally with its rim 133, turbine blades 115 and 
compressor vanes I1, the whole being ruade of 
a high-conductivity metal to facilitate the trans- 
65 mission of heat from the blades to the vanes 
which are cooled by the air admitted through 
the rotor. The rira 133 fits into grooves 14 on 
the adjacent edges of the stator walls, provid- 
ing a frictionless seal against leakage of the tut- 
7O bine gases to the interior of the rotor. 
Due to the fact that the rearward fiow of the 
exhaust gases from he defiecting surface 1{}5, 
which itself produces a tractive force greater 
than the static thrust of the jet, takes place 
75 mainly in the' gaps between the spaced combus- 
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tion chambers [ [ 3, the diameter of the outer cas- 
ing [ 05 need be very little greater than the overll 
diameter of these chambers; consequently, the 
improved turbine presents the important advan- 
tage of relatively small external diameter, with 
resulting low weight, in addition to the advan- 
tages of superior cooling of the moving parts due 
to the admission of cold air through the aper- 
tured rotor, and that of fuel economy due pri- 
marily to the combination of a turbine-driven air- 
screw vith the propulsive jet, and secondly to 
the preheating of the compressed air which 
controlled by the design of the fins [05 and by 
the provision of heat-insulation at suitable points. 
Fig. 10 illustrates the arrangement of a gas 
turbine according to the present invention as ap- 
plied to the propulsion of an aircraft by a jet 
device 24§ without the provision of an airscrew 
driven by the turbine shaft; in this case, the shaft 
20 bas the turbine rotor 2 mounted towards 
the rear end, and the double compressor 22, 225 
mounted towards the front end, with the guide 
vanes 25 and the multiple rotors 220 and stators 
22 of the axial-type compressor disposed along 
the shaft. The combustion chambers 23 are 
ranged in an annular series around the turbine, 
their rear ends being fitted with guide vanes 
24 delivering the hot gases upon the turbine 
blades 25 integral with the rira 233 of the rotor; 
the exhaust gases are discharged to the jet de- 
vice 245 by way of the free space between two 
coaxial cones 200, 
The double compressor 22, 225 driven by the 
turbine shaft feeds the combustion chambers 2|3 
in a similar manner to that described with ref- 
erence to Fig. 9, the fuel being supplied by the 
auxiliary equipment 204 and the air for the com- 
pressor 225 being admitted partly through the 
hollow shaft by way of holes 227 and partly from 
the exterior through the intake openings 225. The 
main supply of air to the compressor 22 is ad- 
mitted through the apertured rotor 2|| having 
vanes 25 which form a primary element of the 
axial-type compressor; since, however, this rotor 
2 | is arranged at the rear end of the turbine, 
where the free admission of air is hindered by 
the inner cone or "bullet" 200«, the whole of the 
turbine is encased by a power egg or casing 205 
having its forward end 207 left open and slightly 
fiared so that the air enters by rare effect. The 
air passes over and betveen the injectors 203, 
manifold 225 and combustion chambers 23, all 
of which are sultably heat-insulated to prevent 
loss of heat to the incoming air; as the air travels 
along the interior of the casing 205, it moves 
clear of the combustion chambers 23 and flows 
outside the cone 200 at its junction with the 
turbine stator 205, beyond which the casing 205 
is reduced in diameter, its rear end being suit- 
ably connected to the outer cone 200. A number 
of air ducts or inlets 230, of stream-line section, 
are carried through the cones 200, 200«, between 
the stator 205 and the rear end of the casing 205, 
the walls of these ducts acting to hold the two 
cones in relative position, while the passage ways 
through the ducts enable the air from the rear 
end of the casing 205 to pass inwards to the in- 
terior of the inner cone 200« and thus to reach 
the apertured rotor 2 |  with a considerable initial 
pressure due to the rare effect at the intake end 
207 of the casing. 
It will be noted that both air intakes are lo- 
cated at the normal or forward end of the tur- 
bine, where the auxiliary equipment 204 is in- 
stalled, and that the incoming air is maintained 

substantially unheated untiI it enters the com- 
pressors, heat-insulation being provided where 
necessary to prevent transfer to heat. The jet 
ourlet 245 at the rear end may be arranged for 
5 a slight expansion of the gases under the effect 
of centrifugal force, by giving the ourlet a slight- 
ly divergent shape, as indicated at 245. As in 
the previous examples of construction, the tur- 
bine rotor bas its annular rira 233 fltting into 
10 grooves 247 on the adjacent edges of the stator 
walls, thus providing a frictionless seal to prevent 
leakage of the high-velocity gases from the com- 
bustion chambers into the interior of the rotor 
15 What I claire is: 
1. A gas turbine comprising a rotor having 
ripheral blades, a hollow shaft driven by said 
rotor, a casing around said shaft, at least one 
combustion chamber furnishing hot gases, means 
20 for applying said gases to said blades in a direc- 
tion parallel to said shaft for driving said rotor, 
a main compressor driven by said shaft for coin- 
pressing air to feed said combustion chamber, 
said rotor and said main compressor being ar- 
25 ranged towards opposite ends of said casing, and 
an axial-type compressor with multiple rotors 
and stators inside said casing, said first-men- 
tioned rotor being apertured to adroit cold air to 
said axial-type compressor, and said axial-tYpe 
30 compressor forcing the air fo said main compres- 
sot in a direction opposite to the fiow of said 
gases past said blades in combination with 
other compressor driven by said shaft and drawJ 
ing cold air through said hollow shaft said other 
35 compressor feeding air to at least one combustion 
chamber urnishing hot gases to drive said first- 
mentioned rotor. 
2. A gas turbine comprising a rotor having 
ripheral blades, a hollow shaft driven by said 
o rotor, a casing around said shaft, at least one 
combustion chamber furnishing hot gases, means 
for applying said gases to said blades in a direc- 
tion parallel to said shaft for driving said rotor 
a main compressor driven by said shaft for com- 
45 pressing air to feed said combustion chamber, 
said rotor and said main compressor being ar- 
ranged towards opposite ends of said casing, said 
combustion chamber being located between said 
compressor and said blades and an axial-type 
50 cmnpressor with multiple rotors and stators 
side said casing, said firstmentioned rotor being 
apertured to admit cold air to said axial-type 
compressor, and said axial-type compressor forc- 
ing the air to said main compressor in a direction 
55 opposite to the flow of said gases past said blades, 
in combination with another compressor driven 
by said shaft and drawing cold.air through said 
hollow shaft, said other compressor being non- 
symmetrical in relation to said main compressor, 
60 said axial-type and main compressors operating 
in series, and said other compressor operating in 
parallel to said series-operating axial-type and 
main compressors. 
3. A gas turbine for the propulsion of vehicles 
65 including aircraft, comprising a rotor having pe- 
ripheral blades, a shaft driven by said rotor, a 
plurality of combustion chambers furnishing hot 
gases, means for applying said gases to said blades 
for driving said rotor, an axial-type compressor 
70 and two centrifugal compressors, all said com- 
pressoïs being driven by said shaft for compress- 
ing air to feed said combustion chambers, said 
rotor being arranged towards the rear end of said 
shaft, said centrifugal compressors being ar- 
75 ranged towards the forward end of said shafto 
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sid rotor being apertured for passage of cold 
air in a  forward direction to said axial-type com- 
pressor; a manifold of annular form collecting 
the-exhaust gases flowing in a rearward direction 
from said rotor blades, and at least one ourlet 
from said manifold for discharging the exhaust 
gases rearwardly of the vehicle. 
4. A  gas turbine for the propulsion of vehicIes 
including aircraft, comprising a rotor having pe- 
ripheral blades, a hoIlow shaft driven by said 
rotor; a plurality of combustion chambers fur- 
nishing hot gases, means for appIyin said gases 
fo said bIades for driving said rotor, an axial-type 
compressor, a main centrifugal compressor and 
another centrifugal compr.essor, alI said comptes- 
sors being driven by said shaft for compressing 
air fo feed said combustion chambers, part of said 
air being drawn through said hoIIow shaft, said 
rotor being arranged towards the rear end of 
said shaft, said centrifugal compressors being ar- 
ranged towards the forward end of said shaft, 
said rotor beini apertured for passage of cold air 
in a forward direction fo said axial-type comptes- 
sot, a manifold of annular form coIIecting the ex- 
haust gases flowing in a rearward direction from 
said rotor blades, said manifold having two semi- 
annular branches of spiral shape, two outlets 
from said branches, a-nd means for combining the 
gasesdischarged through said two outlets to de- 
liver a single rearwardly directed jet for the pro- 
Pulsion  of the vehicle. 
5. A gas turbine for the propulsion of vehicles 
including aircraft, comprising a rotor having pe- 
ripheral blades, a shaft driven by said rotor, a 
plurality of combustion chambers furnishing hot 
gases, means for applying said gases to said blades 
for drivini said rotor, an axial-iype compressor 
and two centrifugal compressors, ail said com- 
pressors being driven by said shaft for compress- 
ing air to feed said combustion chambers, said 
rotor being arranged towards the forward end of 
said shaft, said centrifugal compressors being ar- 
ranged towards the rear end of said shaft, said 
rotor being apertured for passage of cold air in a 
rearward direction by ram effect to the intake of 
said axial-type compressor, a curved deflecting 
surface for reversin the forwardly exhausting 
gases from said rotor bIades and directing said 
gases rearwardIy between said combustion cham- 
bots, and means for collecting said rearwardIy 
directed gases to deliver a rearward jet for the 
propulsion of the vehicIe. 
6.- A gas turbine for the propulsion of vehicIes 
including aircraft, comprising a rotor having 
ripheral .blades, a shaft driven by said rotor, a 
plurality of combustion chambers furnishing hot 
gases, means for applying said gases to said blades 
for driving, said rotor, an axial-type compressor 
and two centrifugal compressors, ai1 said com- 
pressors being driven by said shaft for compress- 
ing air fo feed said combustion chambers, said 
rotor being arranged towards the forward end of 
said shaft, said centrifugal compressors, being ar- 
ranged towards the rear end of said shaft, said 
rotor being apertured for passage of cold air in a 
rearward direction by ram effect to the intake of 
said axial-type compressor, a curved deflecting 
surface for reversing the forwardIy exhausting 
gases from said rotor bIades and directing said 
gases rearwardly past said combustion chambers, 
means for effecting heat-exchange between said 
rearwardly directed gases and the air fed fo said 
combustion chambers by said centrifugal com- 
pressors, and means for collecting said rearward- 
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Iy directed gases fo deliver a rearward jet for the 
propulsion of the vehic]e. 
7. A gas turbine for the propulsion of_ aircraft, 
comprising a rotor having peripheral blades af- 
5 ranged for af ]east two stages of Tas expansion, 
a hollow shaft driven by said rotor, a plurality of 
spaced combustion chambers furnishing hot gases, 
means for applying said gases fo said blades for 
driving said rotor, an axial-type compressor and 
l0 two centrifugai compressors driven ,by said shaft 
for compressini air fo feed said combustion cham- 
bers, part of said air being drawn through said 
holiow shaît, said rotor being arranged towards 
the forward end of said shaft, said centrifugal 
15 compressors being arranged towards the rear end 
of said shaft, an airscrew at the forward end of 
said shaft, said airscrew being driven by said 
shaft, said rotor being apertured for passage of 
cold air from said airscrew in a rearward direc- 
20 tion fo the intake of said axial-type compressor, 
a curved deflectin" surîace receiving the forward- 
ly exhausting gases from said rotor blades, said 
deflecting surface being adapted fo reverse the 
fiow of said gases by taking advantage of their 
25 outward diffusion under centrifuiai effect and to 
direct them rearwardiy around said combustion 
chambers, an outer casing around said combus- 
tion chambers, said casing being adapted fo en- 
close said rearwardiy directed gases and to force 
30 them into the gaps between said spaced combus- 
tion chambers, and means for collecting the gases 
rearwards of said combustion chambers fo deliver 
a single jet for the propulsion of the aircraft. 
8. A gas turbine for the propulsion of aircraft, 
35 comprising a rotor having peripheral blades, a 
holiow shaft driven by said rotor, a plura]ity of 
combustion chambers arranged in an annular se- 
ries around said shaft, means for applying hot 
gases from said combustion chambers to said 
40 blades in a direction parallel fo said shaft for 
driving said rotor, means for collecting the gases 
in rear of said blades to de]iver a jet for the pro- 
pulsion of the aircraft, an axial-type compressor 
and two centrifugal compressors, all said com- 
a5 pressors bein driven by said ihaft for compress- 
ing air to feed said combustion chambers, part of 
said air being drawn through said holiow shaft 
by one of said centrifugal compressors, said rotor 
beini arranged towards the rear end of said shaft, 
0 said centrifugal compressors being arranged 
wards the forward end of said shaft, said rotor 
being apertured for passage of air in a forward 
direction to the intake of said axial-type com- 
pressor, an outer casing around said combustion 
 chambers, the forward end of said casing belng 
open for admission of cold air by ram effect, said 
air flowing aIong the gaps between said combus- 
çlon chambers, and passages leading from the 
rear end of said casing to convey said air to said 
60 apertured rotor, said pasiaies extendini trans- 
verseIy through said coIlecting means. 
9. A gas ttubine comprising a rotary shaft, an 
axial-tyDe compressor with multiple rotors and 
stators, the rotors of said compressor being driv- 
65 en by said shaft, a stator element at the inlet end 
of said cornpressor, a rotor element adjacent to 
said stator element, said rotor element inc]uding 
turbine bIades upon its periphery and helicoidal 
spokes secured to said shaft, two centrifugal 
70 compressors driven by said shaft and located at 
the other end of said axial-type compressor, said 
heIicoidal spokes co-operating with said stator 
eIement fo force air into said axial-type com- 
pressor for feeding one of said centrifugal com- 
7 pressors, combustion chambers arranged to re- 
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Ceive air from said centrifugal compressors and 
to urnish hot gases of combustion, and means 
for applying said hot gases to said turbine blades 
for driving said rotor element and shaft, the di- 
rection of said hot gaes in relation to said rotor 
element being opposite to the direction of said 
air in relation thereto. 
10. A gas turbine comprising a rotary shaft, an 
axial-type compressor with multiple rotors and 
stators, the rotors of said compressor being driv- 
en by said shaft, a stator element at the inlet end 
of said compressor, a rotor element adjacent to 
said stator element, said rotor element including 
peripheral turbine blades integral with helicoidal 
spokes secured to said shaft, two centrifugal com- 
pressors driven by said shaft and located at the 
other end of said axial-tyPe compressor, said 
helicoidal spokes co-operating with said stator 
element fo force air into said axial-type compr- 
sor for feeding one of said centrifugal compres- 
sors, combustion chambers arranged to receive 
air from said centrifugal compressors and to fur- 
nish hot gases of combustion, and means for ap- 
plying said hot gases fo said turbine blades for 
driving said rotor element and shaft, the direc- 
tion of said hot gases in relation to said rotor ele- 
ment being opposite to the direction of said air 
in relation thereto. 
11. A gas turbine comprising a rotary shaft, an 
axial-type compressor with multiple rotors and 
stators, the rotors of said compressor being driv- 
en by said shaft, a stator element at the inlet end 
of said compressor, a rotor element adjacent to 
said stator element, said rotor element including 
turbine blades upon its periphery and helicoidal 
spokes secured fo said shaft, two centrifugal com- 
pressors driven by said shaft and located at the 
other end of said axial-type compressor, said heli- 
coidal spokes co-operating with said stator ele- 
ment fo force air into æaid axial-type compressor 
for feeding one of said centrifugal compressors, 
combustion chambers arranged to receive air 
from said centrifugal compressors and to furnish 
hot gases of combustion, and means for applying 
said hot gases to said turbine blades for driving 
said rotor element and shaft, said gas-applying 
means including bailies for preventing leakage of 
said hot gases adjacent to said rotor element into 
the air forced into said axial-type compressor, 
and the direction of said hot gases in relation to 
said rotor element being opposite to the direction 
of said air in relation thereto. 
12. A gas turbine comprising a hollow rotary 
shaft, an axial-type compressor with multiple 
rotors and stators, the rotors of said compressor 
being driven by said hollow shaft, a stator ele- 
ment at the inlet end of said compressor, a rotor 
element adjacent to said stator element, said rotor 
element including turbine blades upon ifs periph- 
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ery and helicoidal spokes secured to said shaft, 
two centrifugal compressors driven by said shaft 
and located at the other end of said axial-type 
compressor, one of said centrifugal compressors 
5 drawing air through one end of said hollow shaft, 
the other of said centrifugal compressors receiv- 
ing air from said axial-type compressor, said heli- 
coidal spokes co-operating with said stator ele- 
ment to force air into said axial-type compressor, 
10 combustion chambers arranged fo receivi air from 
said centrifugal compressors and to furnish hot 
gases of combustion, and means for applying said 
hot gases to said turbine blades for driving said 
rotor element and shaft, the direction of said hot 
15 gases in relation to said rotor element being oppo- 
site to the direction of said air in relation thereto. 
13. A gas turbine comprising a hollow rotary 
shaft, an axial-type compressor with multiple 
rotors and stators, the rotors of said compressor 
20 being driven by said hollow shaft, a stator ele- 
mentaf the inlet end of said compressor, a rotor 
element adjacent to said stator element, said 
rotor element including turbine blades upon its 
periphery and helicoidal spokes secured to said 
25 shaft, a centrifugal compressor driven by said 
shaft and located at the other end of said axial- 
type compressor, said helicoidal spokes co-oper- 
ating with said stator element fo force air into 
said axial-type compressor for feeding said cen- 
30 trifugal compressor, another centrifugal compres- 
sot driven by said shaft and located back-to-back 
of said first-mentioned centrifugal compressor, 
said other centrifugal compressor drawing air 
through one end of sald hollow shaft, at least one 
35 combustion chamber arranged to receive air from 
said centrifugal compressors and to furnish hot 
gases of combustion, and means for applying sald 
hot gases to said turbine blades for driving sald 
rotor element and shaft, the direction of said hot 
40 gases in relation to said rotor element being oppo- 
site to the direction of said air in relation thereto. 
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